Objective: To describe the long-term outcome of very preterm infants receiving prolonged sedation and/or analgesia and examine the relationship between prolonged sedation and/or analgesia and this long-term outcome.
V
ERY PRETERM NEONATES are exposed to many painful procedures. 1 Repeated and prolonged pain exposure may affect the subsequent development of pain systems and potentially contribute to altered longterm development and behavior in very preterm infants. [2] [3] [4] [5] [6] [7] [8] This knowledge has provided evidence-based arguments for the development of professional guidelines on preventing and managing infant pain. 9, 10 Recently, the short-and long-term effects of sedation and/or analgesia have been discussed. The Neopain study 11 and a Dutch study 12 revealed that continuous morphine therapy given for a maximum of 14 or 7 days, respectively, does not increase neonates' poor short-term neurological outcome or neonatal death. The Neopain study showed, however, that continuous morphine infusion was associated with a higher rate of severe intraventricular hemorrhage or a composite outcome, including neonatal death, intraventricular hemorrhage, and periventricular leukomalacia in a subgroup of very preterm infants born at 27-29 weeks' gestation and in those who were very hypotensive before morphine therapy. 11, 13 The only published study to date regarding long-term effects suggests that exposure to morphine in the neonatal period for fewer than 7 days does not seem to have adverse effects on intelligence or motor function. 14 Regarding sedation, midazolam is widely used in neonatal intensive care units. However, a recent meta-analysis has concluded that further research on the effectiveness and safety of midazolam in neonates who received mechanical ventilation is needed before its routine use can be recommended in clinical practice. 15 Although data on adverse effects are still controversial, analgesia and/or sedation therapies are routinely used in neonatal intensive care units worldwide, and some very preterm infants may receive prolonged treatment with sedation and/or anesthesia for more than 7 days. Given the lack of data regarding the neurological development outcome of these very preterm infants, we have performed an analysis to evaluate the relationship between prolonged sedation and/or analgesia exposure and the 5-year cognitive and neuromotor outcome of a large French cohort of very preterm infants.
METHODS

DATA SOURCE AND PATIENTS
We included all surviving very preterm infants enrolled in the Etude EPIdé miologique sur les Petits Ages GEstationnels (EPIPAGE) cohort study who received mechanical ventilation and/or surgery. The EPIPAGE study is a prospective population-based cohort study including all infants born between 22 and 32 weeks' gestation in 1997 in the maternity wards of 9 French regions, accounting for about one-third of all births in France. 16 Initial data about pregnancy, delivery, and medical care of infants was collected from medical records in the maternity and neonatal units with the intention of testing the association between obstetric and neonatal management and outcome. One aspect of these data concerned "exposure to prolonged sedative and/or analgesic drugs," defined as exposure of more than 7 days to sedative and/or opioid drugs, with infants receiving sedation each day. The status "no prolonged sedation/analgesia" included children who received no sedation and/or analgesia at all or for whom sedation and/or analgesia was administered for fewer than 7 days.
ASSESSMENT
Once consent was obtained from the parents, the infants were enrolled in a longitudinal follow-up until 5 years of age. At 2 years children were examined by a physician who completed a standardized questionnaire. At 5 years children were evaluated with a clinical examination performed by a trained pediatrician and a neuropsychological assessment performed by a trained psychologist. The neuropsychological assessment was performed using the Kaufman Assessment Battery for Children. 17 This assessment was carried out when appropriate for the patient's condition and when accepted by the patient. The Kaufman Assessment Battery for Children yields 4 global test scores, including the Mental Processing Composite (MPC), which is a global measure of cognitive ability. The MPC score was standardized to a mean (SD) of 100 (15) , based on results in children born in the late 1970s. Mental Processing Composite scores of less than 70 define severe cognitive impairment and scores of between 70 and 85 indicate moderate cognitive impairment.
The main outcome criteria were the presence of disability at 5 years of age or death after discharge. Children were classified into 3 groups: no disability, moderate disability, and severe disability. Disabilities were assessed in 4 areas: neuromotor, cognition, hearing, and vision. A disability was defined as severe if it was considered likely to make the child highly dependent on caregivers and included nonambulant cerebral palsy, an MPC score of less than 70, profound bilateral sensorineural hearing loss (Ͼ70 dB), blindness, or attending a special-needs school. Cerebral palsy was defined as a nonprogressive central nervous system disorder, as proposed by the European Cerebral Palsy Network. 18 The severe disability group also included children who were classified into the cerebral palsy group at 2 years of age and were lost to follow-up at 5 years. A disability was defined as moderate if reasonable independence was likely to be reached, including ambulant cerebral palsy, independent walking with abnormal gait, age of walking greater than 24 months, an MPC score between 70 and 84 (Ͻ1 SD), hearing loss less than 70 dB, or unilateral impaired vision without blindness.
STATISTICAL ANALYSIS
Median and quartiles are reported for continuous variables and frequencies for categorical variables. The Mann-Whitney U test and 2 test with a Yates correction, if necessary, were used to compare infant characteristics and 5-year outcome between the group of infants who received prolonged sedation and/or exposure to analgesia during the neonatal period and the group who did not.
Because EPIPAGE is an observational study, we used the propensity score method to reduce bias. [19] [20] [21] [22] [23] The propensity score is defined as a conditional probability between 0 and 1 that a patient will be treated, based on an observed group of covariates. This score is then used as if it were the only confounding covariate. Thus, the collection of predictors is collapsed into a single predictor, which may better adjust covariates between the groups and reduce bias. A full nonparsimonious logistic regression model was developed to derive a propensity score for prolonged sedation and/or analgesia exposure. This model included true confounders, variables that are potentially associated with both treatment assignment and outcome. 23 The variables included characteristics of the newborns (gestational age, birth weight, malformation, Clinical Risk Index for Babies score), characteristics of pregnancy (antenatal corticosteroids, multiple pregnancies, complications of pregnancy), place of birth (inborn/outborn, large maternity, region of birth), and characteristics of neonatal hospitalization (duration of ventilation, patent ductus arteriosus, severe respiratory failure including air leak and refractory hypoxemia, hemodynamic failure, necrotizing enterocolitis, neonatal surgery, bronchopulmonary dysplasia defined by supplemental oxygen at 36 weeks, and postnatal corticotherapy). Patients with missing data were excluded from multivariable analysis. The Hosmer-Lemeshow goodness-of-fit test and the area under the curve were used to assess model fit.
We have used a log-binomial model to estimate adjusted relative risk (RR) of disability. 24 As described above, we integrated the propensity score into the analysis. The propensity score itself was included with exposure as a covariate in a log-binomial model predicting outcome, with gestational age as an additional covariate, and we estimated the adjusted RR of disability with 95% confidence intervals (CI). This was performed for all infants for whom propensity scores were calculated. Finally, we carried out 2 other analyses to independently estimate the adjusted RR of the risk of neuromotor disability and the risk of an MPC score of less than 85. All P values were based on 2-tailed tests. All analyses were performed using SPSS 15.0 (SPSS Inc, Chicago, Illinois).
RESULTS
PATIENT CHARACTERISTICS AND OUTCOME
Of the 1956 very preterm infants hospitalized in neonatal intensive care units who received mechanical ventilation and/or surgery, the status of prolonged sedation and/or exposure to analgesia was known for 1941 (99%) of the infants; of these, 369 died and 1572 survived. Prolonged sedation and/or exposure to analgesia was more frequent among infants who died during hospitalization than among survivors (72 of 369 [19. 5%] vs 115 of 1572 [7.3%] ; PϽ.001). Of the 1572 survivors, infants who were exposed to prolonged sedation and/or analgesia (n=115) had significantly lower gestational ages, lower birth weights, and higher Clinical Risk Index for Babies scores than infants who did not (n=1457) ( Table 1 ). In the exposed group, antenatal corticosteroids, multiple pregnancies, birth in a large maternity (a maternity hospital in which Ͼ 98 very preterm infants are delivered per year), and presence of congenital malformations were significantly more frequent (PϽ.05). Prolonged sedation and/or analgesia was also significantly associated with neonatal complications such as severe respiratory failure, bronchopulmonary dysplasia, patent ductus arteriosus requiring treatment, hemodynamic failure, necrotizing enterocolitis, longer duration of mechanical ventilation, postnatal corticotherapy, and surgery (Table 1) . Prolonged sedation and/or analgesia exposure rates varied according to region of birth from 0% to 9.3% (PϽ.001). Data on long-term outcome were available for 86% of the 1572 infants (84% in the exposed group vs 86% in the nonexposed group; P=.46). Disability rates in the exposed and nonexposed groups were 42.3% and 26.0%, respectively (PϽ.001). 
PROPENSITY SCORE
It was possible to calculate the propensity score for the very preterm infants receiving prolonged sedation and/or analgesia for 1497 of the 1572 very preterm infants receiving mechanical ventilation and/or surgery who were alive at the time of discharge from the hospital and whose status regarding exposure to prolonged sedation and/or analgesia exposure and outcome were known. Of the 1497 infants with a propensity score, 113 were exposed to prolonged sedation and/or analgesia and 1384 were not. The propensity scores ranged from 0.000 to 0.975. The Hosmer-Lemeshow goodness-of-fit test was 6.2 (P=.62). The receiver operating characteristic curve area was 0.92. Among the 20 variables included in the score, 6 were significantly associated with prolonged sedation and/or exposure to analgesia: surgery (P Ͻ.001), duration of mechanical ventilation (P =.002), postnatal corticotherapy (P Ͻ .006), severe respiratory failure (PϽ .02), multiple pregnancies (P Ͻ .003), and region of birth (P = .001) ( Table 2) .
PROLONGED SEDATION AND/OR EXPOSURE TO ANALGESIA AND RISK OF DISABILITY
Of the 1497 very preterm infants for whom propensity scores were calculated, data on long-term outcome was available for 87% of the 1384 infants in the exposed group vs 86% of the 113 in the nonexposed group (P=.73). Disability rates in the exposed and nonexposed groups were 42.3% and 25.7%, respectively (P Ͻ.001). Relative risks of disability for prolonged sedation and/or analgesia are indicated on Table 3 . To limit bias, 2 log-binomial models were constructed. The first model included 3 covariates: gestational age, propensity score, and prolonged sedation and/or exposure to analgesia. Prolonged sedation and/or analgesia exposure was not associated with an increased risk of survival with any disability or risk of death after discharge (adjusted RR,1.0; 95% CI, 0.8-1.2; P=.57), but propensity score was (adjusted RR,2.2; 95% CI, 1.3-3.8; P =.005). The second model included the 3 previous covariates and 8 other covariates significantly associated with outcome: intrauterine growth, maternal socioeconomic status, maternal educational status, sex of preterm infant, surgery, duration of ventilation, postnatal corticotherapy, and presence of malformation. Prolonged sedation and/or analgesia exposure was not significantly associated with disability (adjusted RR,1.0; 95% CI, 0.8-1.2).
To better assess the relationship between disability and prolonged sedation and/or analgesia exposure, we conducted 2 other analyses where the dependant variables were an MPC score lower than 85 and neuromotor disability. The covariates were the 11 previous covariates. Prolonged sedation and/or analgesia exposure was not associated with an increased risk of survival with neuromotor impairment (adjusted RR, 1.1; 95% CI, 0.9-1.2), an MPC score of less than 85 (adjusted RR,1.0; 95% CI, 0.7-1.2), or an MPC score lower than 85 or not available (adjusted RR,1.1; 95% CI, 0.9-1.2). Abbreviations: CI, confidence interval; CRIB, Clinical Risk Index for Babies; OR, odds ratio; PPROM, preterm premature rupture of membranes; SGA, small for gestational age.
a Reference was PPROM for more than 24 h. b Reference was region A. c Maternity hospital with a large patient volume of very preterm infants is a maternity hospital where more than 98 very preterm infants are delivered a year. 
COMMENT
In this observational study, univariate analysis showed that very preterm infants requiring prolonged sedation and/or analgesia during neonatal hospitalization had a higher risk of developing a disability. Prolonged sedation and/or exposure to analgesia was also significantly associated with need for surgery, congenital malformation, necrotizing enterocolitis, severe respiratory failure, hemodynamic failure, and duration of ventilatory support. It is likely that these factors were the reason for the use of prolonged sedation and/or analgesia. The association of some of these factors with a poor outcome is well known. 25, 26 Because the prolonged sedation and/or analgesia treatment assignment in this observational study may have been subject to bias, we used the propensity score method to reduce it. The propensity score method is a way of ensuring that the effect of a treatment is compared only between individuals who are equally likely to receive it. 21, 22 After adjustment for gestational age and propensity score, we did not observe any association between prolonged sedation and/or analgesia exposure and poor outcome, whereas most of the nonexposed infants did not receive any analgesic or sedative drugs in 1997.
We cannot rule out the possibility that prolonged sedation and/or analgesia exposure has an effect on outcome for 4 reasons. First, our findings should be interpreted with caution, because this study has several limitations. Despite the large size of this cohort, the power of this study was not high enough to detect small differences between the groups, because exposure to prolonged sedation and/or analgesia is a relatively rare event. Thus, this study did not have the power to detect a difference of 10% in the rate of disability. Like regression modeling, propensity score methods cannot control for unknown confounders. Some covariates, like the duration of mechanical ventilation, could be the cause of prolonged sedation and/or analgesia as well as the consequence. Nevertheless, we performed a model without including duration of ventilation in propensity score, bronchopulmonary dysplasia, and hemodynamic failure, and we observed similar results. Second, the odds ratio of the risk of developing a disability increased as the propensity score increased. This association could be the result of an insufficient reduction of bias by the propensity score or a cumulative effect of prolonged sedation and/or analgesia exposure that appeared when the severity of illness increased. Third, MPC scores were similar between exposed and nonexposed infants, while white matter damage was observed less frequently. One hypothesis could be that prolonged sedation and/or exposure to analgesia reduced the rate of cerebral lesions but itself had an effect on cerebral development. No difference was observed between groups when we included all preterm infants. Fourth, we cannot differentiate and assess the potential effect of any individual sedative or anesthetic agent in this study.
Our results suggest that prolonged sedation and/or analgesia exposure has no major effect on neurological outcome. This is currently a critical and controversial issue, because the recent understanding that the neonate is capable of sensing pain and mounting a stress response after a surgical stimulus 27 has led to widespread use of anesthesia and analgesia for painful procedures; however, exposure to opiates, anesthetics, or sedatives may have adverse effects on neurological neonatal outcome. 28 Several investigators have demonstrated that prolonged administration of opiates 29, 30 and other anesthetic drugs produce increased neurodegeneration in rat pups. 31 Similarly, repetitive pain in newborn rat pups leads to longterm changes in behavior, and some of these changes are prevented by analgesic therapy. [32] [33] [34] [35] This data suggests that the long-term effects of anesthetics and analgesic drugs depend on whether they are given in the presence or absence of painful stimulation. 28 Extrapolation of animal data are problematic, because a rat brain develops over a matter of weeks, while a human brain develops over years. Six hours of anesthesia in a neonatal rat pup is thought to be equivalent to a month in a human infant. 36 Moreover, this rodent data has not been replicated in monkeys. 37 Therefore, cautious interpretation of experimental data is prudent before extrapolating data across species. Although the animal data may not be applicable to human beings, it would be unwise to ignore it. 36 Evidence must be sought from human data. MacGregor et al 14 have assessed the outcome at 5 to 6 years in a cohort of neonates born before 34 weeks' gestation to determine whether brief exposure to exogenous opiates had an effect on subsequent neurological or behavioral performance. Their results are reassuring; morphine did not show a detrimental effect on the intelligence of children who received it in the first days of neonatal life. Our data are consistent with these results, though it pertained to a population that was sicker and exposed to more prolonged sedation and/or analgesia.
In this population-based cohort study, prolonged sedation and/or analgesia exposure was not associated with a poor 5-year neurological outcome after adjustment for the propensity score.
